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X-RAY APPARATUS AND CLOSURE
MECHANISM THEREFOR

This is a continuation of U.S. application Ser. No.
864,504, filed Dec. 27, 1977, now abandoned, and the
benefits of such earlier application are hereby claimed
for the present application.

BACKGROUND OF THE INVENTION

The present invention is directed to a closure mecha-
nism especially suited for X-ray inspection apparatus.

It has become necessary for safety and law enforce-
ment purposes, to inspect various articles, such as suit-
cases, briefcases, packages, etc., that are brought into or
taken out of a building or onto an airplane, put in the
mail, etc., to detect weapons or other contraband and-
/or valuable items which may be stolen. As a result, it
has been necessary to inspect large volumes of such
articles, thereby requiring the inspection apparatus to
be operable quickly and efficiently, including the time
required to introduce an article into the apparatus and

remove it after inspection. Such inspection apparatus
are desired to have good reliability and low cost so as to

propagate their use for achieving the ends of safety, law
enforcement, and theft control.

One type of inspection apparatus is that which con-
tains a compartment into which an article, such as a
briefcase or package, is placed and inspected by means

of X-rays. It is desirable that such apparatus have a 30

short loading and inspection cycle time, to maximize
their throughput, but such must not be at the risk of
safety to persons using and present near the apparatus.

The present invention serves to achieve the goal of a
relatively high volume inspection device, with satisfac-

tory safety (1.e., X-radiation safety) features and relative
ease of use.

SUMMARY OF THE INVENTION

An apparatus for inspecting various articles and com-
prising means for operating a retractable door, compris-
Ing a shaft member, a flexible door member carried by
and windable on the shaft member, motor means for
driving the shaft member, a gear train mechanically
linking the motor means and the shaft member, the gear
train comprising a drive gear and a driven gear, the
driven gear being connected to the shaft member and
the drive gear being connected to and driven by the
motor, the drive and driven gears comprising gear teeth
about only a portion of their respective circumferences,
switch means for controlling the motor, and said drive
gear comprising means for actuating the switch means.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a isometric view of a portion of the mecha-
nism of the apparatus according to a preferred embodi-
ment of the invention.

FIGS. 2-§ depict schematically a part of the door-
opening structure of the mechanism in FIG. 1.

FIG. 6 is a perspective view of the apparatus with
which the mechanism can be employed.

FIG. 7 is a schematic diagram, according to a pre-
ferred embodiment, of the circuitry for operating the
present apparatus and mechanism.

PREFERRED EMBODIMENT

Referring to the drawings, the apparatus 10 of the
present invention comprises a mechanism 11 for operat-
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ing a retractable door 12, the mechanism comprising a
shaft or roller member 14 that carries and can take up or
wind up the door member 12. The door member 12
preferably is flexible (as used herein, the term “flexible”
is defined to include doors that are truly flexible, e.g.,
rubberized material, as described later herein, and doors
that consist of inflexible sections that are hingedly con-
nected to each other). Where it is desired, a drum 17 can
be mounted on the shaft 14, the door 12 being wound
onto and off of such drum 17.

The apparatus 10 further comprises a drive mecha-
nism, e.g., a gear train 15 and a motor 16 for driving the
shaft member 14 and, therefore, moving the door 12
between open and shut positions. The gear train 15
preferably comprises a drive gear 18 connected to the
motor 16 and a driven gear 20, the driven gear being
located on the shaft member 14 and engaging the drive
gear 18, which is located on the rotor or shaft 22 of the
motor 16. Both of the drive and driven gears 18, 20
comprise respective peripheral parts that do not have
gear teeth, each of these gears 18 and 20, having, ac-
cording to a more preferred embodiment, two teeth
missing for the reasons given below.

The apparatus 10 preferably includes also a switch
member or means 26 for controlling the motor. The
motor switch 26 can include a trip element 28 and the
drive gear 18 can include a lug 29 or other protrusion
for engaging the trip element 28 and turning the motor
16 on and/or off, as explained below.

The apparatus 10 defines a chamber 30 that is par-
tially defined by the door member 12, access to the
chamber 30 being gained via the passageway provided
by the opened door member 12. The chamber 30 should
be X-ray tight, with the walls defining the chamber
comprising X-ray impermeable material. Where it is
desired, the switch 26 can be mounted on a wall 32
comprising a slot or opening 34 in which a part of the
shaft or roller 14 is located, the apparatus preferably
comprising bearings in which end portions (or parts
near the ends) of the shaft 14 are journalled. Because the
chamber must be X-ray tight, necessary safeguards
should be taken to ensure against X-rays escaping into
the vicinity of the apparatus via the slot 34.

The mechanism 11 preferably also comprises a pulley
element 36 (FIG. 1) mounted on and fixed to the shaft
14 to rotate with the shaft 14. Biasing means 38 are
included in the apparatus to counter-act the weight of
the door member 12 when the latter is not in the open,
or up, position, this to facilitate opening the door as
explained below. In one form, the biasing means 38 can

such' as flexible steel rope. One end of the filamentary
member 42 is fixed to the pulley element 36 and the
other end 44 is connected to the end 46 of the spring 40,
which has its other end 48 secured or anchored to an
immovable part, such as a wall of the structure. When
the door 12 is down, the spring 40 is extended, as shown
in FIG. 4, the spring 40 being adapted to exert by itself,
a force less than that sufficient to lift the door 12 from
the closed position, it being preferred however, that the
spring force be only somewhat less than that needed to
open the door by itself. |

The above mechanism can be used in, inter alia, in-
spection apparatus utilizing X-rays, in which there is a
structure or cabinet defining a chamber or compartment
30 which is substantially impermeable to X-rays and
which is closed off by the door member 12, which, in
this case, also is substantially impermeable to X-rays. In
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this case, the present apparatus further comprises an
interlocking system by means of which X-rays are not

produced in the apparatus unless the door member 12 1s-

closed, so as to avoid accidental exposure of personnel
or others to the X-rays. The interlocking system can
comprise at least one further switch 50 (FIGS. 2-5) that
includes a button portion 52 which normally 1s in a
raised position (FIG. 2) (e.g., the button portion can
include suitable biasing means that hold the button in

the raised position) and a contact portion 54 that nor--

mally is in the open position. The button and contact
portions 52, 54 are arranged below the door 12, so that
when the latter is closed, it contacts and depresses the
button 52, which, in turn, closes the contact 54. The
contact 54 is in a circuit (described hereinafter) that
controls the X-ray generating means (e.g., an X-ray tube
55 in FIG. 1) of the apparatus, so that when the button
52 is raised and the contact 54 is open, the circuit will be
broken and no X-rays can be generated, whereas, when
the button 52 is depressed by the lowered door 12, the
contact 54 will be closed and the X-ray circuit can
operate.

In the operation of the apparatus 10, which in this
instance is an X-ray inspection apparatus for inspecting
various articles, the door 12 is in the up-or open position
(FIG. 2), the article that is to be inspected being placed
in the X-ray proof compartment or chamber 30 that s
partially enclosed by the door 12. With the door 12 in
this open position, the door is wound on the roller mem-
ber 14 and the toothless peripheral portion 23 of the
drive gear 18 is located at the driven gear 20 so that the
gears do not mesh. |

As the door is pulled down to close the compartment
30, the driven gear 20 turns in, e.g., the counter-clock-
wise direction, with the drive gear 18 remaining station-
ary, the biasing means or spring 40 becoming loaded, or
extended, as the door is lowered (FIG. 3).

With the door 12 in its closed position (FIG. 4), the
driven gear 20 is located such that the last gear tooth 62
thereof is located adjacent to the first gear tooth 64 of
the drive gear 18 (which first and last géar teeth 64, 62
bound the toothless portions 23 and 24, respectively, of
their respective gears 18 and 20), so that, upon the coun-
ter-clockwise rotation of the drive gear 18 by operating
the motor 16, the first gear tooth 64 thereof will engage
the last gear tooth 62 of the driven gear 20. The spring
40 is, under these circumstances, fully extended. At this
stage of operation, the button portion 52 of the switch is
depressed by the lower portion of the door member 12,
the contact portion 54 being closed by the depressed
button portion 52 and thus closing the interlock system
to permit the energization of the X-ray producing de-
vice 55 of the apparatus 10. While the door 12 is in this
lowered or closed position, the switch contact 54 re-
mains closed and the X-rays can be produced, the low-
ered door member 12 closing the compartment 30 so
that there is no X-radiation exposure of anyone present
in the vicinity of the apparatus 10. |

At a further stage of operation of the apparatus 10,
when the desired inspection or other utilization of the
apparatus 10 has been done, the door member 12 is
raised by activating the drive motor 16 and, thus, driv-
ing the drive gear 18 such that the driven gear 20 rotates
in the direction (i.e. clockwise) opposite its rotational
direction when the door 12 was closed, i.e., the drive
gear is rotated in the counter-clockwise direction. As a
result, the drum or roller member 17 is rotated and
winds up the door member 12. As the door member 12
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is raised, the button portion 52 of the switch S0 is re-
leased and rises allowing the contact portion 54 fo open

“and, thus preventing the generation of X-rays while the

door member 12 is open.

The rotation of the drive gear 18 by the drive motor
16 until the lug element 29 located on the drive gear 18
engages the trip element 28 of the motor switch 26 and
causes the motor 16 to be turned off, at which point
(FIG. 1) the door member 12 is raised fully and the
toothless portion of the drive gear 18 is located adjacent
the driven gear 20 such that the door member 12 can be
subsequently lowered. to a closed position without the
driven gear 20 engaging the drive gear 18, as described
above. Hence, the above described cycle can now be
repeated. N |

A type of apparatus 70 with which the present mech-
anism can be employed is shown in FIG. 6, which de-
picts an X-ray inspection device for various articles.
The apparatus comprises a source of X-rays (not
shown) which are directed as a beam toward a chamber
into which an article 72 has been placed via a door or
entry port 74. The X-rays pass through the article 72
and form an image according to the article 72, the X-ray
beam carrying such image then being converted to a
visible image by means of a fluorescent screen and an
optical system (not shown) which are contained in the
X-ray impermeable cabinet 76 of the apparatus 70. The
visible image can then be viewed on a mirror 78. This
type of apparatus is described in the application for U.S.
patent filed concurrently herewith by David J. Haas et
al. titled “X-ray Optical System For Article Inspection,
With Components Disposed On Parallel Axes” Ser. No.
864,503, filed Dec. 27, 1977, now U.S. Pat. No.
4,297,580. | X

Describing generally the electronic circuitry of the
present apparatus, the system is energized by turning on
the key switch which is not relevant to the circuits but
only supplies power after the key switch is on, 28 volts
is now available as shown in the upper right corner. The
system is initialized by loading an object into the X-ray
chamber and closing the roll-up chamber door. When
the door is closed, 28 volts of electricity now flows
through the series of interlock switches at the upper
part of the schematic: the access panels (A1S4), top
cover (A1S5), two switches on the door of (A1S10,
A1S9A) the interlock switches the two pairs then ap-
plies voltage, the interlock system is closed and voltage
then flows to the ready light. |

The ready light is DS5 which is on the front face of
the machine so that the operator can see that the door 1s
fully closed. In addition to turning on the ready light
when the last microswitches are closed, voltages are
applied to the X-ray on push-button momentary hand-
switch A8S3. Upon pushing the handswitch machine is
now ready to operate in an X-ray safe mode. Voltage is
applied to relays K1 and K2 which turn on the X-rays
by energizing the X-ray generator. In addition, voltages
are applied to the A3KMI X-ray on timing circuit so
that X-rays can only remain on a certain amount of
time. )

When K2 is turned on the X-rays go on, K2 contact
15 switches from contact 14 to 16 which now applies 28
volts to relay K3. K3 is the door enable relay. K3 upon
energizing, self latches and remains on indicating that
the X-rays have been on and that the door is now able
to open when the X-ray button is turned off. K3 latches
on by contacts 8 and 9, contact 9 is connected to contact
10 on K3 which latches the voltage on through the cam
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switch on the motor A6S7. The X-rays remain on until
the operator lets his finger off the push button. The first
thing that happens is that K1 and K2 de-energize and
this then switches contact 15 on K2 to contact 14,
which applies voltage to time delay relay A3KM2. This 5
door delay relay is a half a second delay which prevents
the door from rising for a half a second. The purpose of
this is to permit the capacitors and the X-ray generators

to discharge which is not relevant to the operation, it
also permits the operator to push the button again if he 10
decides that he wants to look at it further, so instead of
having the door go up immediately when he lets his
finger off the button, if he decides he wants-a second
view, he has a half a second to press the button again
and the door will remain down. After the half a second
time has timed out by A3KM2, this door relay closes
contacts on the motor itself to start the motor driving.
Contact 2 which is the common contact on A3KM2
moves to position 3 as well as contact 6 goes the posi-
tion 7. This supplies 110 volts to the motor A6M1 and
the motor starts driving the door up. Once the door has
moved up, its top position is sensed by a switch on the
cam on the motor which is switch A6S7 which sense
the top position of the door, so the door does not over
drive. As soon as the cam of the motor opens the
contact on A6S7, the relay K3 de-energizes.

Once the door has gone up to the top, the micro-
switch has been actuated on the motor stop by the cam
on the motor, it removes the voltage from the relay K3,
K3 de-energizes and when K3 de-energizes its contact
from 9 to 10 open and puts the contact from 9 to 8 and
this 1n turn removes the voltage from KM2 which lets
the door relay AJKM2 to remove 110 volts from the
motor and the motor stops. Then the cycle can be re-
peated by simply closing the door again which is manu-
ally pulled down. Switch A1S9D is simply a by-pass
switch 1n case the motor stops so that the motor stop
switch is open, A1S9D is the switch in the bottom of the
door so that when the door is closed S9D is closed to be
sure that power can be applied to KM2 so that this
motor will start driving up. It can happen that the
motor will stop with the cam leaving A6S7 open and
therefore power will not be available to latch on K3 to
hold the power on the motor.

When the door relay switch A3KM2 de-energizes,
the contacts now switch across from A3KM2 from 2 to
3, the contact goes from 2 to 4, and this shorts out the
capacitor so that the braking circuit which goes
through the motor at all times doesn’t have to buck the
capacitor. The braking circuit is a series of two light
bulbs which are TR1 and TR2. A direct current diode
CR10 is in series so that when the motor de-energizes,
the motor then receives a surge of DC current through
the cold light bulbs (and therefore low resistant) into
the motor. It receives a substantial amperage DC cur-
rent which makes an electrical brake in the motor. The
motor then stops instantly and after about 15 milli-
seconds the light bulbs warm up and reduce the current
through the motors so that the motor does not overheat
thus, the purpose of the light bulbs and the diode is to
make a direct current braking through the motor for a
very short period of time and then reduce the current so
that the motor will remain fixed in that position, keep-
ing the microswitch cam and A6S7 in exactly the right
position. This latter light bulb circuit could be replaced
by a somewhat more complicated relay circuit. How-
ever, its purpose is to electrically stop the motor in
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exactly the right position with the roli-up door at the
correct top position. - .- |

We claim:

1. An apparatus for inspecting various articles com-
prising e o |

‘a chamber defining structure including enclosing
walls and a retractable door, said structure being
substantially impermeable to X-rays, |

“a shaft member inside said structure and provided for
carrying said retractable door, said retractable
door including a flexible construction windable on
said shaft member, wherein winding said flexible
construction onto said shaft member opens said
chamber and unwinding said flexible construction
from said shaft member closes said chamber,

motor means for driving said shaft member in rota-
tion,

a gear train mechanically linking said motor means
and said shaft member, said gear train including a
drive gear driven by said motor means and having
gear teeth only about a portion of its circumfer-
ence, and a driven gear connected to said shaft
member and having gear teeth only about a portion
of its circumference,

said driven gear being moved independently of said
drive gear upon closing said chamber, and said
drive gear engaging said driven gear upon opening
said chamber, and |

switch means actuated by said drive gear for control-
ling said motor means.

2. An apparatus according to claim 1, wherein said
structure further includes X-ray means in said chamber
for directing X-rays to a predetermined part of said
chamber, and control means for controlling said X-ray
means, said control means also controlling said motor
means independently of said switch means.

3. An apparatus according to claim 2, wherein said
chamber structure receives an article to inspection
through said retractable door, said article being pro-
vided in said chamber structure at an area where said
X-rays are directed, and wherein said chamber struc-
ture further includes means receiving X-rays transmit-
ted through said article for converting transmitted radi-
ation into a visual image.

4. An apparatus according to claim 2, wherein said
control means are provided by electrical circuit means
for operating said X-ray means, said circuit means in-
cluding a safety switch being in an open condition when
said retractable door is open and being in a closed con-
dition when said retractable door is closed such that
X-rays are provided only when said retractable door is
closed. o

5. An apparatus according to claim 4, wherein said
switch means actuated by said drive gear also controls
generation of X-rays, said switch means starting said
motor means to drive said drive gear when said X-ray
means IS turned off such that said retractable door is
opened by rotation of said shaft member.

6. An apparatus according to one of claims 1, 2, or §,
wherein a pulley member is disposed on said shaft mem-
ber, and biasing means are connected to said pulley
member for exerting a force on said pulley member
when said retractable door is closed only somewhat less
than that needed to open said retractable door.

7. An apparatus according to claim 6, wherein each of
said drive gear and said driven gear have two gear teeth
missing.
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8. An apparatus according to claim 6, wherein said

biasing means substantially counter-balances said re-

tractable door.
9. An apparatus according to claim 6, wherem said

biasing means includes a spring member being in an
expanded condition when said retractable door 1s

closed.
10. An apparatus according to claim 6, wherein said

biasing means includes a biasing element secured at one g

end to an anchoring element attached to an interior wall
of said structure, and a flexible line member attached to
a second end of said biasing element and passing to said
pulley member, said flexible line member being wound

8 -
on said pulley member when said retractable door is
open. . | ~
11. An apparatus accordmg to claim 6, wherem a lug
element is provided on said drive gear for actuating said

switch means.
12. An apparatus according to claim 11, wherein said

switch means includes a microswitch element.
13. An apparatus according to claim 6, wherein said

- shaft member is journaled in bearings at opposite ends
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14. An apparatus according to claim 1, wherein said

retractable door is completely opened in a single revo-

lution of said drive gear. .
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